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Chloride contamination in natural
water sources is a significant problem
throughout the United States,
specifically in Midwestern and
Northeastern regions 1
These regions contain a higher volume
of snow in areas where road-deicing
salts are frequently used
Snow melts induced by increasing
spring temperatures transfers salt into
nearby bodies of water where it
dissolves
Common chlorides: NaCl, KCl, CaCl2
Water is considered contaminated
when it has a value of ³ 250ppm Cl- /
L of H2O 2

PURPOSE
q Assess chloride contamination patterns in
Lake Winona with respect to water quality
standards and precipitation events
q Explore the effect of ion strength
adjustment buffer on chloride concentration
measurements
q Examine the relationship in the United
States between regional rates of snowfall
and chloride concentration in freshwater
q Analyze the consequences of chloride
contamination in drinking water and
aquatic habitts
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SAMPLING
Water samples were collected weekly from 12 specific drainage and water flow locations around the
entirety of Lake Winona between February 9th, 2022 and March 30th, 2022
Clean plastic bottle were rinsed at sample site 3 times prior to water collection.
After collection specimens were transferred to the laboratory and either immediately tested or stored in a
temperature-controlled cooler until performing analysis.
Each sample was analyzed using a Vernier chloride ion selective electrode (ISE) after the addition of an ion
strength adjustment buffer (ISAB)
Chloride concentration values were recorded and recalculated using the equation obtained by the ISE
calibration curve

RESULTS

ION SELECTIVE ELECTRODE
q Ion selective electrodes (ISEs) measure the
concentration of a specific ion in an aqueous
solution.
q An internal reference electrode comprised of a
silver wire coated with silver chloride detects
the specific voltage of chloride ions in the
sample when they encounter the membrane. 3

q The electrode was connected to the Logger
Pro system which computed the voltage to
concentration conversion automatically

q Before sample testing the
ISE was calibrated using
the provided high and low
calibration standard
solutions.
q A calibration curve was
initially constructed to
mitigate instrumental
deviations in
measurement values.

ION STRENGTH ADJUSTMENT BUFFER
q Ion strength adjustment buffers (ISABs) improve the accuracy of data
values measured by ISE
q ISABs ensure samples with
low chloride concentrations
have equal ion activity as
samples with higher
chloride concentrations 3
q Calibration curves were
constructed using two sets
of seven standard solutions ranging from 10ppm Cl- to 1000ppm Clq When the ISAB was added to the standards, higher chloride
concentrations were consistently measured by the ISE and were more
accurate than the controlled sample values
q Two paired t-tests were performed. One compared the actual
concentration values to samples not containing the ISAB (p-value =)
and the other compared the actual concentration values to samples
containing the ISAB (p value =)

q

Data was divided into four groups based on average chloride
concentration
q
Blank areas in the graphs represent times when specimen collection was
not possible due to frozen sites
q
No significant precipitation events or snow melts occurred directly before
sampling conducted on February 9th (except for snowfall)
q
A small snow melt happened before specimens were collected on
February 16th
q
A small rain event took place prior to conducting sampling on February
23rd
q
2 major snow melts occurred before collecting samples on March 2nd and
March 16th
q
No significant precipitation events or snow melts occurred directly before
sampling conducted
on March 23rd and
March 30th
q Chloride concentration
levels in the spring of 2021
were similar to chloride
levels measured in the
spring of 2022 except two
specific spikes in 2021.

DISSCUSION
q Accuracy of concentration measurement
using the ISE notably improved when an
ion strength adjustment buffer was added
to each standard solution
q Chloride contamination continues to be a
significant issue for the East and West
Basins of Lake Winona, specifically
proceeding a snow melt or precipitation
event
q Sites along Highway 61 produced
samples collectively high chloride
concentrations than all other locations

q Salt transferred into natural water sources
dissolves and breaks up into free sodium
and free chloride ions resulting in
salinization 1
q Salinization of drinking water can be
responsible for heart and kidney disease 4
q Salinization of aquatic habitats can
interrupt the osmoregulatory function of
organisms inhibiting their crucial
reproductive, growth, and survival
functions 4

REFERENCES
(1) Dugan, H. A.; Skaff, N. K.; Doubek, J. P.;
Bartlett, S. L.; Burke, S. M.; Krivak-Tetley, F. E.;
Summers, J. C.; Hanson, P. C.; Weathers, K. C. Lakes
at Risk of Chloride Contamination. Environmental
Science & Technology 2020, 54 (11), 6639–6650.
(2) Minnesota Pollution Control Agency. (2020, July
16). Chloride
101. Retrieved April 07, 2021,
from https://www.pca.state.mn.us/water/chloride-101
(3) Vernier Technology and Software. (2020,
December 4). Chloride Ion Selective
Electrode [PDF]. Beaverton: Vernier Technology
and Software. Retrieved April 08, 2021.
(4) Hunt, M., Herron, E., & Green, L. (2012, March
4). Chlorides in Fresh Water [PDF].
South Kingstown: University of Rhode Island.
Retrieved April 09, 2021.

